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METHOD FOR EVALUATING A TRANSFORMER DESIGN 



Cross Reference to Related Applications 

[0001] This application is related to co-pending patent application serial no. 

, filed on October 31, 2003, entitled "Transformer Testing" (Attorney 

Docket: ABDT-0578/B030100), which is incorporated by reference herein in its entirety. 
[0002] This application is also related to co-pending patent application serial no. 

, filed on October 31, 2003, entitled "Transformer Performance Prediction" 

(Attorney Docket ABDT-0583/B030070), which is incorporated by reference herein in its 
entirety. 

[0003] This application is also related to co-pending patent application serial no. 

, filed on October 31, 2003, entitled "Method for Generating and Using a 

Transformer Model" (Attorney Docket ABDT-0581/B030090), which is incorporated by 
reference herein in its entirety. 

Field of the Invention 

[0004] The present invention relates to transformers for the transformation of 

electrical power. More particularly, the present invention relates to a method for 
evaluating a transformer design using test results. 
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Background of the Invention 

[0005] Electric power companies and utilities generate electrical power for 

consumers using power generation units. A power generation unit can be a coal-fired 
power plant, a hydro-electric power plant, a gas-turbine-driven generator, a diesel-engine- 
driven generator, a nuclear power plant, etc. The electrical power is transmitted to the 
consumer via transmission and distribution (T&D) systems. T&D systems can include 
power lines, protective switches, sectionalizing switches, breakers, reclosers, etc. 
[0006] Electrical power is typically transmitted over a portion of the T&D system 

at relatively high voltages to minimize losses. T&D systems typically include 
transformers that step up the voltage to levels suitable for transmission with minimal 
losses. Transformers are also used to step down the relatively high transmission voltages 
to levels suitable for use by the consumer. 

[0007] The malfunction or failure of a transformer can result in a power outage. 

The malfunction or failure of a relatively large transformer used, for example, in a 
substation can result in a power outage that affects a large numbers of consumers. Hence, 
purchasers of transformers (typically electric power companies and utilities) usually 
consider transformer reliability when making their buying decisions. 
[0008] In addition, transformer purchasers usually consider the initial (purchase) 

cost and operating costs when deciding whether to purchase a particular transformer. The 
cost of the materials used in the manufacture of a transformer, in general, represents a 
substantial portion of the purchase cost. 

[0009] Operating costs are due in large measure to the internal losses within the 

transformer. These losses, in turn, are related to the efficiency of the transformer. Hence, 
purchasers of transformers usually demand that transformer manufacturers provide a 
product with a relatively high efficiency. Purchasers sometimes negotiate a contractual 
financial penalty from the manufacturer if a transformer does not meet a specified 
efficiency goal. 

[0010] In view of the above demands, transformer manufacturers generally attempt 

to design their products so as to maximize the reliability and efficiency thereof, and to 
minimize the initial (purchase) cost. 

[0011] Transformers typically undergo acceptance testing before being shipped to 

the customer or end user. Acceptance testing is used to verify that the transformer meets 
certain limits, guarantees, goals, or other requirements, e.g., internal losses below a 
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predefined value (these limits, guarantees, goals, and requirements are hereinafter referred 
to collectively as "performance requirements.") 

[0012] A transformer that exceeds its performance requirements may be over- 

designed, i.e., one or more components of the transformer may be constructed to perform 
at a level beyond that which is necessary. For example, a transformer that exceeds its 
requirements for internal losses, i.e., a transformer having lower internal losses than 
required, may use more steel in its core than necessary. 

[0013] A component that over-performs is likely more expensive than necessary. 

Hence, over-performing components can potentially result in lost profits for the 
manufacturer. Over-performing components can also represent a lost opportunity to lower 
the price of the transformer and thereby make the transformer more cost-competitive. 
[0014] A transformer that fails to meets its performance requirements, conversely, 

may have one or more under-designed components. Modification of such components is 
usually required for the transformer to meet its performance requirements (and thereby 
avoid the financial penalties sometimes imposed on manufacturers for performance 
shortfalls). The required modifications may be relatively minor in some cases, and the 
benefits associated with such modifications may justify the relatively low expense 
associated therewith. In cases where major modifications are required, however, the 
benefits of such modifications may be outweighed by the expense thereof. 



Summary of the Invention 

[0015] A preferred method for evaluating a transformer design using data 

representing test results from a plurality of transformers and stored in a data base 
comprises comparing the data representing test results to predetermined criteria for the test 
results to determine whether the test results satisfy the predetermined criteria. The 
preferred method also comprises counting the number of the test results that do not satisfy 
the predetermined criteria, and generating an indication that a predetermined quantity of 
the test results do not satisfy the predetermined criteria if at least the predetermined 
quantity of the test results do not satisfy the predetermined criteria. 

[0016] A preferred method for evaluating a transformer design using data stored in 

a data base, the data representing results of transformer testing, comprises evaluating 
whether the results of transformer testing satisfy predetermined criteria based on the data 
representing results of transformer testing. The preferred method also comprises counting 
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a number of the results of transformer testing that do not satisfy the predetermined criteria, 
and determining whether the number of the results of transformer testing that do not 
satisfy the predetermined criteria exceeds a predetermined quantity. 
[0017] A preferred embodiment of a computing system comprises a computer 

having an application processing and storage area, the application processing and storage 
area comprising a computing engine and a data base having data representing test results 
for a plurality of transformers stored therein. The computing engine is configured to 
compare the data representing test results to predetermined criteria for the test results to 
determine whether the test results satisfy the predetermined criteria, count the number of 
the test results that do not satisfy the predetermined criteria, and generate an indication that 
a predetermined number of the test results do not satisfy the predetermined criteria if at 
least the predetermined number of the test results do not satisfy the predetermined criteria. 
[0018] A preferred embodiment of a computing system comprises a computer 

having an application processing and storage area, the application processing and storage 
area comprising a computing engine and a data base having data stored therein, the data 
representing results of transformer testing. The computing engine is configured to 
evaluate whether the results of transformer testing satisfy predetermined criteria based on 
the data representing results of transformer testing, count a number of the results of 
transformer testing that do not satisfy the predetermined criteria, and determine whether 
the number of the results of transformer testing that do not satisfy the predetermined 
criteria exceeds a predetermined quantity. 



Brief Description of the Drawings 

[0019] The foregoing summary, as well as the following detailed description of a 

preferred method and a preferred embodiment, is better understood when read in 
conjunction with the appended drawings. For the purpose of illustrating the invention, the 
drawings show an embodiment that is presently preferred. The invention is not limited, 
however, to the specific instrumentalities disclosed in the drawings. In the drawings: 
[0020] Fig. 1 is a flow diagram depicting a preferred method for evaluating 

a transformer design; 

[0021] Fig. 2 is a diagrammatic illustration of an exemplary data base 

configured for use in accordance with the method shown in Fig. 1 ; 
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[0022] Fig. 3 is a diagrammatic illustration of a preferred embodiment of a 

computing system configured to perform the method shown in Fig. 1 ; and 

[0023] Fig. 4 is a diagrammatic illustration of a preferred embodiment of a 

data network having a computing system configured to perform the method shown in Fig. 

1. 

Detailed Description of Preferred Embodiments 

[0024] Figure 1 depicts a preferred method 10 for evaluating a transformer design. 

The method 10 comprises defining a data base 100 (designated step 12 in Figure 1; the 
data base 100 is depicted in Figure 2). 

[0025] The data base 100 can comprise a plurality of test-result tables 102 for 

storing data corresponding to test results. Each test-result table 102 includes the results of 
one particular type of transformer test. For example, the three test-result tables 102 
depicted in Figure 2 can include data corresponding, respectively, to the results of sound 
level, short-circuit, and tank-pressure tests. 

[0026] Each test-result table 102 can include test results from different 

transformers. In other words, the results of one particular type of test performed on a 
plurality of transformers all are stored in one particular test-result table 102 corresponding 
to that particular type of test. 

[0027] It should be noted that only three of the test-result tables 102 are depicted in 

Figure 2, for clarity; the data base 100 in a typical application can include more than three 
of the test-result tables 102. For example, the results of the following tests can be stored in 
additional test-result tables 102 in the database 100: no-load loss; impedance; 
transformation ratio; turn to turn faults; high potential; double induced; impulse; and heat 
run. It should also be noted that these particular tests are disclosed exemplary purposes 
only; data corresponding to the results of other types of tests can be included in the data 
base 100. 

[0028] The data stored in the test-result tables 102 can be the results of acceptance 

testing commonly performed on newly-built or newly-refurbished transformers. Data 
corresponding to the results of other types of testing, e.g., development testing, can also be 
stored in the test-result tables 102 in alternative versions of the method 10. 
[0029] Each of the test-result tables 102 includes data corresponding to one 

particular type of test, as noted above. Identifying information, e.g., the transformer serial 
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number, is preferably included with each individual data point or data set to designate the 
particular transformer from which that data point or data set was acquired. Identifying 
information designating the design and design version (if applicable) of the corresponding 
transformer is also included with the data point or data set. 

[0030] The data base 100 also includes a predetermined criterion or criteria for 

each type of test result corresponding to a particular transformer design or design version. 
The predetermined criterion or criteria can be, for example, a minimum or maximum 
acceptable or desired value, an acceptable or desired range, or a set of discrete acceptable 
or desired values. 

[0031] The predetermined criteria are stored in a requirements table 1 04 in the data 

base 100. The requirements table 104 includes one or more sets of predetermined criteria. 
Each set corresponds to a particular type of transformer or transformer versions, and 
includes predetermined criteria corresponding to the results of various types of transformer 
tests. 

[0032] The predetermined criterion or criteria for a particular test result does not 

necessarily correspond to a operating limit for the transformer. Rather, the criteria 
represent thresholds that, if not met across a statistically significant number of 
transformers, can serve as an indication that further analysis (and possible modification) of 
the transformer's design may be warranted. The criteria preferably indicate both minimum 
and maximum performance requirements. In other words, the criteria are preferably 
sufficient to indicate whether a particular test result is indicative of over-performance or 
under-performance. 

[0033] It should be noted that the above-described configuration of the data base 

100 is disclosed herein for exemplary purposes only. The data base 100 can be configured 
in other suitable manners in alternative embodiments. 

[0034] The method 10 can be performed using the exemplary computing 

environment described in detail below. It should be noted that the method 10 is described 
in connection with this particular computing environment for exemplary purposes only. 
The method 10 can be used in connection with other types of computing environments. 
[0035] Figure 3 depicts a computing system 120 capable of being configured to 

perform the method 10. The computing system 120 comprises a computer 120a. The 
computer 120a includes a display device 120a' and an interface and processing unit 120a'\ 
The computer 120a executes a computing application 180. As shown, the computing 
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application 180 includes a computing application processing and storage area 182, and a 
computing application display 181. 

[0036] The data base 100 is stored in the computing application processing and 

storage area 182. The data base 100 can be establish by creating the test-result tables 102 
and the requirements table 104, and entering the predetermined criteria for one or more 
transformer designs or design versions in the requirements table 104. These activities can 
be performed by way of the interface and processing unit 120a". 

[0037] The computing application processing and storage area 182 can include a 

computing engine 185. Although the computing engine 185 is shown as being 
implemented as a single engine, it should be noted that the computing engine 185 can be 
implemented as more than one engine in alternative embodiments. Also, the various 
functions of the computing engine 185 can be distributed among multiple computing 
engines in any convenient fashion. 

[0038] Data corresponding to a set of test results from a particular transformer, i.e., 

results from a plurality of different types of tests performed on the transformer, is input to 
the data base 100 as the results become available from the test facility (step 14 of Figure 
1). The data can be input to the data base 100 by way of the interface and processing unit 
120a" of the computer 120a. The data can be input manually, by way of an automated 
data link between the computer 120a and the test facility, or by other suitable means. The 
computing engine 185 can be configured to store each test result from the transformer, and 
the accompanying identifying data, in the appropriate test result table 102. 
[0039] The newly-entered test results are compared to the corresponding criteria 

stored in the requirements table 104 (step 16). The computing engine 185 can be 
configured to select the appropriate predetermined criteria for a particular set of test results 
based on the identifying information, i.e., the type of transformer design or design version, 
that accompanies each data point or data set (step 15). The computing engine 185 can also 
store the newly-entered test results in the corresponding results tables 104 (step 17). 
[0040] In addition, previously-stored data from other transformers of the same 

design or design version is also compared to the applicable predetermined criteria (step 
1 8). In particular, upon input of a new set of data for a particular design or design version 
to the data base 100, the computing engine 185 retrieves the data from other transformers 
of the same design or design version previously stored in the data base 100. The 
computing engine 185 then compares the previously-stored data with the applicable 
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predetermined criteria. (The analysis provided by the method 10 is thus cumulative in 
nature.) 

[0041] A determination is made whether to flag (designate) the design or design 

version as a potential candidate for further analysis (step 20). The computing engine 185 
can be configured to make this determination by counting the number of times a particular 
type of test result for that design or design version fails to meet or otherwise satisfy its 
predetermined criterion or criteria (step 19). The determination can be based, for example, 
on the absolute number, i.e., the numerical total, of the times one or more test results fail 
to meet their respective criteria. Alternatively, the determination can be based on the 
percentage of times one or more of the test results fail to meet their respective criteria. 
(The particular value chosen as the threshold for flagging a design or design version is 
application dependent, and can vary with factors such as the degree of statistical 
significance desired from the analysis, the size of the data sample available in the data 
base 100, etc. A particular value therefore is not specified herein.) 
[0042] The data base 100 can include an output table 1 12 for storing the 

information indicating that a particular design or design version has been designated a 
potential candidate for further analysis (see Figure 2). The computing engine 185 can be 
configured to store this information in the output table 1 12 as the designation is made. 
Other information can also be stored in the output table 112, including all or some of the 
test results from the designated design or design version, and the corresponding criteria for 
the test results. 

[0043] The output table 112 can be accessed and queried at a later time by a 

transformer designer, or by other individuals seeking information relating to whether 
particular transformer designs or design versions should be re-analyzed and possibly 
modified. The output table 112 can be accessed and queried via the interface and 
processing unit 120a", and the data stored in the output table 1 12 can be viewed on the 
display device 120a 9 of the computer 120a upon input of an appropriate command. 
(Alternatively, the computer 120a can be configured to send a notification, e.g., an e-mail 
message, to one or more other computing or display devices when a particular transformer 
design or design version is designated a potential candidate for further analysis. The 
computer 120a can also be configured to download the data stored in the output table 112 
to a designated file.) 

[0044] The transformer designer, upon receiving the information stored in the 

output table 112, can make a decision whether a particular transformer design or design 



ABDT-0582/B030080 9 PATENT 

version warrants further analysis. The pre-determined criteria used to indicate the possible 
need for further analysis are preferably indicative of both minimum and maximum 
performance requirements, as noted above. Hence, the method 10 can provide an 
indication that a particular transformer design or design version over-performs or under- 
performs. 

[0045] Test results that consistently exceed their corresponding requirements can 

be an indication that a transformer is over-designed. Further analysis of the transformer's 
design may indicate that it is possible to modify one or more components so that the 
components are less expensive, lighter, more compact, etc., while the transformer still 
meets its performance requirements. Reducing the cost of a transformer component can 
increase the profits of the manufacturer, or can allow the manufacturer to lower the price 
of the transformer and thereby make the transformer more cost-competitive. 
[0046] A consistent shortfall in test results can be an indication that a transformer 

is under-designed. Further analysis of the transformer's design may indicate that it is 
possible to modify one or more components with minimal expense so that the transformer 
meets its performance requirements. In such a case, the additional analysis may reveal 
that it is cost-effective to modify the transformer to achieve the desired level or 
performance. Conversely, the further analysis may indicate that the cost of a re-design is 
prohibitively expensive in view of the potential benefits. 

[0047] The use of the method 10, by providing a transformer designer with an 

indication that a particular transformer design or design version may be over-designed or 
under-designed, can assist in the identification of designs that can be modified in a cost- 
effective manner to improve the profit margin or cost-competitiveness thereof. Moreover, 
the method 10 can facilitate the pooling and use of a relatively large population of test 
data. Hence, the results generated by the method 10, i.e., the determination that a 
particular transformer design or design version may benefit from re-analysis, can 
potentially have a relatively high statistical significance. 

[0048] The method 10 can be performed using a data network 240 such as shown 

in Figure 4. The data network 240 can include server computers 210a, 210b. The data 
network 240 can also include client computers 220a, 220b, 220c or other computing 
devices such as a mobile phone 230 or a personal digital assistant 240. Any of the server 
computers 210a, 210b or client computers 220a, 220b, 220c can be configured to perform 
the method 10, in the manner described above in relation to the computing system 120. 
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[0049] The server computers 210a, 210b, client computers 220a, 220b, 220c, 

mobile phone 230, and personal digital assistant 240 can be communicatively coupled via 
a communications network 250. The communications network 250 can be a wireless 
network, a fixed-wire network, a local area network (LAN), a wide area network (WAN), 
an intranet, an extranet, the Internet, etc. 

[0050] In a network environment in which the communications network 250 is the 

Internet, for example, the server computers 210a, 210b can be Web servers which 
communicate with the client computers 220a, 220b, 220c via any of a number of known 
communication protocols such as hypertext transfer protocol (HTTP), wireless application 
protocol (WAP), and the like. Each client computer 220a, 220b, 220c can be equipped 
with a browser 260 to communicate with the server computers 210a, 210b. Similarly, the 
personal digital assistant 240 can be equipped with a browser 261, and the mobile phone 
230 can be equipped with a browser 262 to communicate with the server computers 210a, 
210b. 

[0051] The data network 240 can thus permit a transformer designer to receive 

output generated by the method 10 from locations remote from the computing device on 
which the output is generated and stored. Moreover, transformer test data can be input and 
processed in accordance with the method 10 from locations remote from the computing 
device on which the processing operation is performed. 

[0052] The method 10 can be implemented with a variety of network-based and 

standalone architectures, and therefore is not limited to the preceding example. 
Program code (i.e., instructions) for performing the preferred method, including generating 
and using the model 100, can be stored on a computer-readable medium, such as a 
magnetic, electrical, or optical storage medium, including without limitation a floppy 
diskette, CD-ROM, CD-RW, DVD-ROM, DVD-RAM, magnetic tape, flash memory, hard 
disk drive, or any other machine-readable storage medium, wherein, when the program 
code is loaded into and executed by a data-processing machine, such as a computer, the 
data-processing machine becomes an apparatus for practicing the invention. 
[0053] Program code, i.e., instructions, for performing the method 10 can be stored 

on a computer-readable medium, such as a magnetic, electrical, or optical storage medium, 
including without limitation a floppy diskette, CD-ROM, CD-RW, DVD-ROM, DVD- 
RAM, magnetic tape, flash memory, hard disk drive, or any other machine-readable 
storage medium, wherein, when the program code is loaded into and executed by a data- 
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processing machine, such as a computer, the data-processing machine becomes an 
apparatus for practicing the invention. 

[0054] The program code can also be transmitted over a transmission medium, 

such as over electrical wiring or cabling or fiber optic cabling, over a network, including 
the Internet or an intranet, or via any other form of transmission wherein, when the 
program code is received and loaded into and executed by a data-processing machine, such 
as a computer, the data-processing machine becomes an apparatus for practicing the 
preferred method. When implemented on a general-purpose processor, the program code 
combines with the processor to provide an apparatus that operates analogously to specific 
logic circuits. 

[0055] The foregoing description is provided for the purpose of explanation and is 

not to be construed as limiting the invention. While the invention has been described with 
reference to preferred embodiments or preferred methods, it is understood that the words 
which have been used herein are words of description and illustration, rather than words of 
limitation. Furthermore, although the invention has been described herein with reference 
to particular structure, methods, and embodiments, the invention is not intended to be 
limited to the particulars disclosed herein, as the invention extends to all structures, 
methods and uses that are within the scope of the appended claims. Those skilled in the 
relevant art, having the benefit of the teachings of this specification, may effect numerous 
modifications to the invention as described herein, and changes may be made without 
departing from the scope and spirit of the invention as defined by the appended claims. 



